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A psychophysical
evaluation of manual
stiffness discrimination
One possible explanation for the poorreliability
of clinical judgments of spinal stiffness is that
humans do not possess a good ability to
discriminate stiffness stimulLThis study sought
to investigate this hypothesis by conducting
stiffness discrimination tests on 72 subjects,
using a mechanical device to provide the
stiffness stimuli. The relative increment in
stiffness needed so that two stimuli could be
differentiated 75per cent of the time was found
to be 11 per cent when the pisiform grip was
used to assess stiffness of stimuli in the range
from 6 to 11 N/mm. Thus, by inference, other
factors are more likely to be the cause of the
poor reliability of clinical judgments of spinal
stiffness.
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hen physiotherapists examine
patients with low back pain,
they frequently rely upon
information from manual examination
procedures to guide treatment. One of
the most common of these procedures
is thepostero-anterior (PA) central
pressure. This technique is performed
by the physiotherapist applying an
anteriorly directed force to the spinous
process of the prone patient and then
evaluating thePA stiffness of the
movement that results. The perceived
stiffness is ·then compared with what
would be considered normal stiffness
for that spinal level, and a judgment of
the relative PA stiffness made
(Maitland 1986). It is this judgment of
PA stiffness which is then used in
clinical decision-making.
. While many authors (lull et a11994,
Maidand 1986, Mennel 1960) consider
such judgments on PA stiffness to be
important for clinical decision-making,
a number of recent studies have
questioned the reliability of judgments
ofPA.stiffness. Binkleyet al (1992),
Maher and Adams (1994) and Matyas
and Bach (1985) all found that the
stiffness judgments made by
physiotherapists in their studies had
poor reliability. These findings have
created a dilemma for manipulative
physiotherapists.From·a measurement
theory perspective, the interpretation
of these results would be that because
the test yields unreliable data, it cannot
yield meaningful information.
Therefore, judgments ofstiffness will
hinder rather than help treatment
decisions (Rothstein 1985). However,
the question remains as to why
manipulative physiotherapists would
go to the inconvenience of collecting
information on stiffness ifthe process
did not assist them inpatient
management.
An alternate position would argue
that, given the frequency with which
thePA central pressure test is
performed, the test is ofsome value to
the clinicians who use it. Rather than
abandoning this test, it may be prudent
to attempt to develop more reliable
methods of judgingPA stiffness. This
suggestion was originally made by
Matyas and Bach (1985). However, it
has received little attention to date. As
mentioned, the process of judging PA
stiffness has two components. The
physiotherapist must first perceive the
stiffness ata· particular spinal level and
then they must judge whether the
perceived stiffness is normal or not. In
order to develop more reliable
methods of judging PA stiffness it is
necessary to determine how much
error is associated with each step in the
judgment process. This study begins
this process byinvestigating the
accuracy ofstiffness perception.
One method of characterising the
accuracy ofstiffness perception is to
determine the discrimination threshold
(Laming 1986). The discrimination
threshold describes just how different
two stiffness stimuli must be before
one stimulus can be consistently
discriminated as "just noticeably
different" from the other. Previous
research has shown that the just
figure 1.
Mechanical device used to provide stiffness stimuli. Important features of the device are
a contact plate under the hand, a hinged lever arm, and a metal spring housed in a hole in
the base plate.
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noticeable difference aND) is not an
absolute amount but is relative to the
magnitude of the comparison stimuli
(Coren et al 1966). The percentage
difference that allows reliable
discrimination is called the Weber
fraction, in honour of an early pioneer
in the field of psychophysics. The
lower the Weher fraction, the better
the discrimination (Laming 1986).
Work done by Trott et al (1989)
constitutes the only physiotherapy
study to investigate the stiffness
discrimination threshold. This study
examined the ability of manipulative
physiotherapists to perceive changes in
the force-displacement curve of a
simulated spine. In an increment
detection task, the authors concluded
that the subjects could reliably detect
an increase in stiffness when the
stiffness was increased by 100 per cent.
These authors adopted the criterion
that Kappa values significantly greater
than zero were evidence of reliable
detection. However, it is more
common in psychophysical studies
involving a yes-no response task such
as this, to adopt a criterion of 75 per
cent correct as evidence of reliable
detection. Observing this criterion,
when the initial stiffness value was
O.4N/mm, the subjects required
increases in .stiffness greater than or
equal to 300 per cent for reliable
detection. VYhen the initial stiffness
was O.5N/mm, the discrimination
threshold was 200 per cent. These
estimates for the Weber fraction would
suggest that physiotherapists possess a
relatively poor ability to discriminate
stiffness, and that this factor is likely to
be largely responsible for the poor
reliability of clinical PA stiffness
judgments.
VYhile psychophysical research is
currently uncommon in the field of
physiotherapy, research of this type has
been conducted for more than 100
years, to investigate a range of
sensations. Of relevance to the field of
manual therapy are the studies that
have investigated the perception of
stiffness. These studies have reported a
much better ability to discriminate
stiffness than the study by Trott et a1
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(1989), with estimates for the Weber
fraction ranging from 2 to 32 per cent
(for a review see Maher, 1995). If these
lower figures for the Weber fraction
were true of the clinical assessment of
PA stiffness, then poor stiffness
perception may not be the factor
responsible for the poor reliability of
clinical PA stiffness judgments. The
current study sought to clarify the
uncertainty about the discrimination
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threshold for stiffness perception.
Another issue of relevance to
manipulative physiotherapy is whether
experience in judging spinal stiffness
leads to enhanced ability to
discriminate stiffness. This would seem
to be the presumption of authors like
Grieve (1984) and Maitland (1986).
However, the question has not been
subjected to empirical investigation.
The issue has relevance for the
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Psychophysical methods
The method of constant stimuli
(Laming 1986) was used to estimate
the discrimination threshold. This
method requires the experimenter to
present pairs of stimuli to the subject,
who is then asked to judge which
stimulus is greater in terms of stiffness.
On each occasion, the standard
stiffness stimulus of 8.39N/mm was
presented for pressing, along with one
of the comparison stimuli. With the
method of constant stimuli,
comparison stiffness stimuli both above
and below the standard are chosen in
such a way that they range from stimuli
that are rarely confused with the
standard, to one with the same value as
the standard. This required a small
pilot study to be performed to identify
appropriate stimulus values. The seven
comparison stimuli used in this study
(Table 2) ranged from 6.10 to 11.10
N/mm, ie from 73 per cent of the
standard to 132 per cent of the
standard. These values fall within the
range of PA spinal stiffness values that
have been observed in human subjects
by Lee et al (1993a and 1993b).
Data collection
The stiffness device was placed on a
desk 70cm high, and each subject used
the pisiform grip (Maitland 1986) to
depress the contact plate. Those
subjects not familiar with the pisiform
grip were taught it p.rior to d.ata
collection commenCIng. Subjects were
allowed to depress the device as many
times as they wished, in order to
appreciate stimulus stiffness. However,
most chose to depress the device only
two or three times at each
presentation. All subjects wore goggles
during data collection, so they could
not see the spring position.
Prior to data collection, a trial run
was held wherein subjects received
feedback on their performance. Once
the subject was familiar with the
protocol, data collection took plac~,
during which subjects did not receIve
feedback on their performance and
were not allowed to retest the first
stimulus of a pair once they had
progressed to the second.
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third graduate manipulative
physiotherapists who were members of
the Manipulative Physiotherapists'
Association of Australia (MPAA).
Characteristics of the subjects are
given in Table 1~
Stiffness stimuli
The stiffness stimuli were provided by
a purpose-built mechanical device
(Figure 1).. The point of contact for the
subject's hand was on a metal lever
which was free to rotate around a
bearing at one end, and rested on a
compression spring at the free end:
The spring was mounted securely In a
vase plate and provided the resistance
to downwards movement of the lever.
The stiffness of the downwards
movement at the point of contact
could be altered by changing the
position of the spring along the base
plate, thereby altering the effective
lever arm the subject used.
Prior to data collection, the device
was calibrated using weights of known
mass to provide the force, and a dial
indicator (Mitutoyo Model No 2050F)
to measure the resultant displacement
of the point of contact. The stiffuess of
the resultant movement was then
determined for each of the seven
positions the spring could take along
the base plate. This arrangement
allowed the experimenters to be able to
present seven discrete stiffuess values
to the subjects.
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Method
Subjects
Seventy-two subjects took part in ~e
study. One third were lay people WIth
no physiotherapy training, one third
graduate physiotherapists and one
teaching of this skill to novice
physiotherapists and therefore was
investigated in the current study by
including subjects with different levels
of experience in judging stiffness.
Within the food industry, it is argued
that experts possess a heightened
ability to judge elements of food
texture, such as stiffness. However,
research to date has provided
conflicting results (Coppen 1942,
Harper 1952, Scott-Blair and Coppen
1939 and 1940), making it difficult to
predict whether superior stiffness .
discrimination should be expected In a
group ofexperienced physiotherapists.
The aim of the present study was to
investigate the discrimination
threshold for stiffness perception.
Subjects used the same test procedure
which physiotherapists use to rate
lumbar PA stiffness in the clinic. The
study also investigated whether the
obtained discrimination threshold was
significantly different for three groups
of subjects; manipulative
physiotherapists, physiotherapists, and
lay people with no experience of
judging PA stiffness.
Figure 2.
Percentage of occasions on which the comparison stimulus is judged greater than the
standard plotted against the comparison stimulus value (Standard value is 8.39N\mm).
The three points (JNG, PSE, JNl) that are used to characterise stimulus discriminability
are shown. The point of subjective equality (PSE) is the stimulus value that is judged
greater than the standard on 50 per cent of occasions. The JNG or just noticeably greater
stimulus is the comparison stimulus value that is judged greater than the standard on 15
per cent of occasions. The JNl or just noticeably less stimulus is the comparison
stimulus value that is judged greater than the sta.ndard on 25% of occasions.
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The seven pairs of stimuli were each
presented 10 times in a random order
to each subject, with the standard
presented first in half of the trials. At
each presentation, subjects were asked
to judge whether the second stimulus
was "greater" or "less" in stiffness than
the first stimulus. Each subject
therefore made 70 judgments. Data
collection took about 15 minutes, with
breaks allowed to prevent fatigue
occurring.
Data analysis
The number of times each of the
comparison stimuli were judged
greater than the standard was
determined through simple collation of
the responses on the raw data sheets.
The data was then analysed using
Probit analysis, a procedure which fits
a cumulative normal curve to the raw
stimulus-response data, as described by
Finney (1971).
The stimulus-response curve for the
collapsed data of all subjects is shown
in Figure 2. Traditionally, three points
on a stimulus-response curve have
been used to characterise a subject's
performance in a discrimination task.
The first point is the stimulus value
that is judged greater than the standard
on 50 per cent of occasions and less
than the standard on 50 per cent of
occasions. This 50 per cent point
represents the comparison stimulus
that appears most like the standard,
and is called the point of subjective
equality (PSE).
The next two points were chosen to
characterise stimulus discriminability.
The first of these is the comparison
stimulus value that is judged greater
than the standard on 75 per cent of
occasions. This point is called the
]NG, or the stimulus value that is "just
noticeably greater" than the standard.
The 75 per cent point is chosen
because it lies halfway between perfect
discrimination, ie the 100 per cent
point, and the 50 per cent point, which
represents no discrimination. The last
point selected is the stimulus value
judged greater than the standard on 25
per cent of occasions. This is the same
as saying the point that is judged less
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than the standard on 75 per cent of
occasions. This point is called the "just
noticeably less" stimulus value or ]NL.
The interval between the JNG and
]NL represents an interval of
uncertainty, because comparison
stimuli within this interval cannot be
reliably discriminated from the
standard. When this interval is divided
by two, it gives the just noticeable
difference aND). The]ND can be
expressed as a percentage of the
standard stimulus to provide an
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estimate of the Weber fraction. These
procedures were used to determine
estimates for the PSE and Weher
fraction for each subject.
The group mean values for the
Weber fraction were then compared
using a one way analysis ofvariance
(ANOVA) with post hoc comparisons
performed using the Newman-Keuls
method. Significance for all statistical
tests was accepted at the 0.05 level of
probability. Because there is' a lower
limit to discriminability but not an
figure 3.
Group mean and standard deviation values for the Weber fraction for the graduate
manipulative physiotherapists (MPAA), the graduate physiotherapists (physio) and the lay
subjects with no physiotherapy training (lay).
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upper limit, there is the possibility that
the distribution of the scores in the
groups will be positively skewed.
Accordingly, the Kolmogorov-Smirnov
test (with Lilliefors' correction) was
applied to the data and significant non-
normality was found (p < 0.001). The
scores were then transformed using a
log 10 transformation to correct for
the skew, and a reapplication of the
normality test now showed no
significant deviation from normality.
Results
The mean and standard deviation
values for the Weber fraction for the
three groups are shown in Figure 3.
The group mean value for the Weber
fraction ranged from 9 per cent for the
MPAA group to 12.3 per cent for the
lay group. ANOVA on the
transformed data revealed a statistically
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significant difference between the
three groups (F(271) = 3.55,p =0.03).
The post hoc tes'ts revealed that the
Weber fraction for the MPAA group
was significantly less than the Weber
fraction for the other two groups.
However, the physiotherapy group
was not statistically different from the
lay group. As expected, the group
mean PSE values obtained were close
to the actual standard value of 8.39N/
mm, ranging only from 8.41 to 8.53
N/mm, so there was no evidence of
bias in responses.
Discussion
The current results suggest that the
discrimination threshold for stiffness is
of the order of 11 per cent when the
pisiform grip is used to assess stiffuess
in the range 6 to 11 N/mm. These
results are consistent with the
estimates of the Weber fraction for
stiffness perception obtained in studies
on non-human stiffness stimuli,which
have reported values for the Weber
fraction ranging from 2 to 32 per cent
(Maher 1995). However, our estimate
of the Weber fraction is quite different
from the results of the only
physiotherapy study to date (Trott et al
1989), which suggests that the
discrimination threshold was between
200 and 300 per cent. Consideration of
the non-physiotherapy stiffness
perception studies can provide an
explanation for this apparent conflict
in results.
The study by Trott et al (1989)
employed as standards, stiffness stimuli
of O.4N/mm and 0.5N/mm, whereas
our study used a standard stimulus of
8.39N/mm. The non-physiotherapy
studies, eg Guinot and Mathlouthi
(1991) and Jones and Hunter (1990)
show that at very low magnitudes, the
discrimination threshold rises sharply,
a finding also known from the study of
other sensations. The use by Trott et
al (1989) of an increment detection
task to estimate the discrimination
threshold is also significant, as this
psychophysical method has been noted
to be more likely to demonstrate an
elevated discrimination threshold at
low stimulus intensities (Laming 1989).
Therefore, the difference in results
between our study and that ofTrott et
al (1989) may be largely explained by
the use of different standard stimuli
and methodology.
It is important to recognise that the
stiffness of the simulated spine used by
Trott et al (1989) was chosen so that
the device approximated the cervical
spine. However, their stiffness values
were much lower than those observed
by Lee et al in assessing the stiffness of
the thoracic sp~ne (1993a) or lumbar
spine (1993b). In these studies, the PA
stiffness values ranged from 5.3 to
22.5 N/mm in the thoracic spine and
from 9.7 to 27.0 N/mm in the lumbar
spine4 The estimate of the
discrimination threshold obtained in
the present study is therefore more
likely to be representative of the
accuracy to be expected when
examining these regions.
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The current results demonstrate that
humans are able to discriminate
stiffness with a high degree of
precision, and suggest that
physiotherapists should be able to
distinguish between different.patients
and spinal levels based upon theirPA
stiffness. With a discrimination
threshold of 11 per cent for manual
assessment of stiffness,and spinalPA
stiffness values that range from 5.3 to
27 N/mm (Lee et al199Jaand 1993b)
it would seem that physiotherapists
possess sufficient acuity of stiffness
discrimination to be able to rate the
PA stiffness of their patients in a
meaningful fashion. Unfortunately, to
date, reliability studies have not
demonstrated that this is the case.
VVhat then is the problem, if it is not
poor stiffness discrimination? An
~xamination of the sensory perception
lIterature suggests two options to
explain the poor reliability of clinical
stiffness judgments, both ofwhich are
consistent with the stiffness
discrimination ability demonstrated in
this study.
The first suggestion is that it is the
process of judging the relative
magnitude ofthe perceived stiffness
that is the problem. VVhen
physiotherapists attempt to scale
sensory stiffness, it needs to be
recognised that sensory judgments can
be affected by the observer's
expectation, surrounding stimuli,
stimuli experienced in the past, and
patterns of attention, as well as the
actual stimulus judged (Corenet al
1966). This potential for the
physiotherapist's stiffness judgments to
be idiosyncratic, to drift, or to be
affected by factors other than PA
~tiffness could contribute to the poor
Inter-therapist reliability observed in
previous research. This is particularly
likely given that the scales used to
record judgments are generally
calibrated relative to the concepts of
" 1"" "G dnorma or· average ,eg ra e 1 on
the scale advocated by]ull et al (1994)
adopts the following criteria:
"No resistance is perceived through
average displacement; displacement is
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greater than range. The normal elastic
limiting resistance is not encountered
at end of displacement.." Gull et al
1994, p. 165).
It may be that, due to the factors
mentioned previously, an individual
physiotherapist'sappreciation of
"normal" or "average" stiffness can be
different from that of their colleagues,
and so contribute to the poor
agreement between raters that has
been noted in previous studies..
Certainly this proposal is consistent
with sensory perception literature and
may explain why the reliability studies
have consistently shown that inter-
therapist reliability is less than intra...
therapist reliability. This proposal, that
rater disagreement when judging PA
stiffness is due to raters having
individual expectations ofnormal
stiffness, is currently being investigated
by the authors.
It also seems likely that novice
physiotherapists will have particular
difficulty in using scales such as those
advocated by]ull etal (1994), which
require the user to compare their
perception of the magnitude of
stiffness with "normal;' or "average"
PA stiffness for that spinal level.
Unfortunately, the normal ranges of
stiffness, or the potential effects of
spinal level, gender and age are not
explicitly stated in manual therapy
texts. Rather, it seems that clinicians
must use their experience to develop
their own guidelines. This is clearly a
problem for novice users of the test,
who will have almost no experience
from which to construct their own
concept of normal.
The food texture perception
literature suggests a solution to this
problem. It is possible to adapt the
stiffness scales so that they are similar
to a reference judgment procedure,
where a referencePA stiffness stimulus
is provided against which
physiotherapists can then make their
judgments. As mentioned previously,
studies adopting this approach have
shown high correlations between
judgments of a stiffness stimulus and
its physical magnitude. Finney and
Abbott (1972) have shown that, by
training raters in the use of such
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procedures, and by providing a series
of seven .reference stimuli against
which to anchor judgments, raters
were able to provide estimates of peach
firmness that correlated highly
(r =0.96) with objective measurements..
Similarly, it may be possible to
enhance the objectivity of clinical
assessment of PA stiffness by getting
physiotherapists to judge PA stiffness
relative to.given reference stiffness
stimuli. This method would solve the
problem of concept difference that can
occur even with experts, and would
also be useful when teaching novice
manipulative physiotherapists how to
perform the test.
Another explanation for the low
reliability found with clinical manual
PAstiffness judgments is that the
sensation ofstiffness physiotherapists
feel when they assess the spine may be
multidimensional and so cannot be
reliablyrated with a single number
scale. VVhile this may at first seem an
odd suggestion, there is evidence
within the physiotherapy literature to
suggest that what physiotherapists
perceive as stiffness, ie sensory
stiffness, may not be equivalent to
mechanical stiffness. Support for this
suggestion is found in Maitland's text
(Maitland 1986) in which he uses
words relating to other objects to
describe what physiotherapists feel
when they assess the spine. For
example, Maitland's descriptors
"leathery" or "spongy" (p. 74) and his
?~piction of the feel of normal passive
JOint movement as being like "wet soap
sliding on wet glass" (p. 335) suggest
that the property which
physiotherapists refer to as stiffness
may have more than one dimension.
Further, Maitland at times uses
mechanical terms imprecisely, as do
some other advocates of manual
stiffness tests, eg in Maitland's writings
the terms resistance and stiffness are
som~times used interchangeably
(MaItland 1986 p. 351) indicating that
at least for this clinician, sensory
stiffness is not equivalent to
mechanical stiffness.
With.respect to the expert-novice
dimension, the more experienced
MPAA group were found to have a
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greater ahility.to discriminate stiffness
stimuli than non-MPAA
physiotherapists or lay people. This
result is interesting, because previous
studies that have evaluated the tactual
discrimination of other professions
whose work requires tactile judgment
have, in general, not found evidence of
superior ability. For example, cheese-
makers and graders are required to
manually judge ·cheese firmness as part
of their job and were presumed to
possess a superior ability as a result of
their yearsafpractice. However, Scott-
BlairandCappen (1939 and 1940)
found that cheese graders are no more
sensitive at judging the firmness of soft
materials than the other subjects used
in their studies. Binns (1937) examined
the ability of trained and naive subjects
to make visual and tactual judgments of
wool fineness and sofmess, and found
that experience improved visual
judgment but had little effect on
tactual judgment.
\Vhile it is tempting to attribute the
superior ability demonstrated by the
MPAA group to training or experience,
the design of the study does·notmake
it possible to factor out the effect of
innate ability. It may be that
physiotherapists who have a namral
aptitude for the task selfselect
themselves for work in this field. The
fact that some individuals are naturally
better at discriminating stiffness
stimuli can be appreciated by
inspection of the .group mean and
standard deviation Weber fraction
values for the lay group shown in
Figure 3.\Vhile the group mean is
certainly higher than the group mean
for the MPAAgroup, there is
considerable overlap of the standard
deviation error bars, showing that
there are a number of individuals in
the lay group who perform better at
this task than some members of the
MPAA groupe In this regard, it is
interesting to note that while the
lowest individual Weber fraction (4.1
per cent) was obtained by an MPAA
o RI GIN ALAR TI C LE
member, the next lowest value (4.4 per
cent) was obtained by a member of the
lay group.
Conclusion
The current results suggest that the
discrimination threshold for stiffuess
perception is of the order of 11 per
cent when the pisiform grip is used to
assess stiffuess in the range
6 to 11 N/mm. This result
demonstrates that humans are indeed
able .to discriminate stiffuesswith a
high degree of precision and suggests
that poor stiffness discrimination is not
the factor responsible for thepaar
reliability of clinical judgments of
spinal PA stiffuess. The study also
noted that the manipulative
physiotherapy group had a greater
ability to discriminate stiffness stimuli
than the groups comprised of
physiotherapists or lay people.
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